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SUMHAfiT 



An inrest teat ion vaB conducted In the HAOA 19— foot 
pressure tunnel of tvo—tapered wings vlth VAGA 230-BerleB 
airfoil sections, stpaieht leading edges, and constant- 
chord center sections, She spans, areas, and root chords 
of "both wings were equal* 7he cent er— section span of one 
wing was equal to the root chord; whereas- the center- 
section span of the other was equal to twice the root 
ohord. Both v/ings were equipped with partial— and full- 
span simple split flaps. 

Lift, drag, and pit eh ing— moment coefficients were 
determined for the plain wing and for each flap arrange- 
ment through a test Reynolds number range of 2,600,000 
to 4, 700, COO. Stalling characteristics were determined 
for the plain wings and with flaps deflected 60°. 

The results of this Investigation Indicate that the 
wing with the square center section has greater maximum 
lift coefficients and greater Increments of maximum lift 
due to flap deflections than the wing with the rectangu- 
lar center section. The difference in drag coefficient 
for the plain vlngs is not appreciable . Xhe aerodTnamlo— 
center locations were deiiermlned as' 0.339 of the mean 
ohord hack of the leading edge for the- wing with square ■' 
center sections and 0.S44 of the mean chord for the wing 
with rectangular center section. Stall progressions 
starting at the center seetlon and working out lioard were 
indicated for both wings. . Deflect ing the flaps on both 
wings resulted in a* sudden stall. 



zzriBODnGiioir 

Acserles of tests is being conducted in the 19— foot 
preoBure tunnel of LMAL at the request of the Bureau of 
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AeronsutloB, Varry tiepartmeixt t to determine the aerodT- 
namlo and stalling characteristics of oonventlonal wings 
with a nonlinear -dlstr lliutlon-'of . "both .area and section 
aerodynamic centers. She models for these tests were 
constructed "by the Hary Department from specifications 
furnished hy the H16A. . .lests of two tapered wings with 
constant— chord center sections and straight trailing 
edges designated- wings III and 71 are reported In refer- 
ence 1. She present report covers tests of two tapered 
wings with constant—chord center sections and straight 
leading edges, which are designated wings I and IT. 

She location of wing aerodynamic center Is dependent 
upon the distribution of area and section aerodynamic 
centers along the span. H^search reported in reference 2 
prorldes data for determining the approximate location of 
the aerodynamic oenter'for winga with a nonlinear dlstrl— 
butlon olther of area or of . .section aerodynamic centers. 
Calculated values for the wins aox^odyn'ami'c centers were, 
obtalnod hy the method of r.ef er enoe - S*- ^or- comparison with 
the experimental Values ^o-htained' .in .the teats. Values' Of 
section aerodynamic ..centers for t^-08e paz'tlcular wing* 
sections were takeni -from r.ef ereuC'C -3. '' ■ . ' 

i'or the te's't.s'' reported herein; lift, drag, and, |p itch- 
ing-moment characteristics wore de.ter mined- for elach" wing 
without flaps and vith partial— and full— span simple- split 
flaps at various deflections -thr crugh a- E'eynol'ds number 
range from 2,600,000 to . 4,700,000. ■ A- study of ' the .Stalling 
characteristics of the wings -was ■ also- made. 

MODBIS 

' . . ■ " ' ■ - 

She plain wlng% br t>,aslc .models were furnished hy the 

Bureau of Aer onaut ios , Itavy ZLepar^ment .and were built tC 
HACA ipeclf Icatlons.^ .Shess .wings have been desl^ated ' ' 
wing I and vlng 17. .Il!he ^general •dlmejsslonB^ of the two 
wings are given in figure 1. They vere cons-truct^d of lami- 
nated mahogany to ZTACA- SS^Orseries al7foll sections, and 
were sprayed with lacquer and. sanded .smooth.' The airfoil 
sections are 17A0A 25015 at the root and KAOA' 33009 at. the 
construction tip. 3!h.e maximum, ordinate points of the upper 
surface lie In th'e's.ame horizontal, plahe -and the' leading 
edges are straight. ZTelther wing has geometric twist. 
She span, area, root chord', and aspect ratio of both wings 
are equal. She center— section span of wing I Is equal to 
the root chord, and the center— section span of wing IV is 
equal to twice the root chord. The taper ratios for the 
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outer panels are- 2. 00 . and. .2.86 and. .th.9 forvard sweep of 
the- Quarter— chordT -points of fS.e''outeT"'i)anelB Is 3.17" and 
5.250^ fop wings I and IT, .respect Ively. 

She flaps used were 20-percent— dhord simple split 
flapfl ^3on8t^uqted..of. tliln metal. . The desired flap deflec- 
tions v^re o.l>talned "by insert ing tri;an^i~ar' wooden /blocks 
T)etw.eeQ.-^lie win^ .JLov^r surface and'th'e flap; '. The flap - 
spans were 53 percent of. the wl.n^ spaii. :^or the partial- 
span condition and 90 percent of the wing span for the' 
full^span condition. .... , 

•casSfs- 

The tests wera conducted in thd ISTACA 19— foot pres- 
sure tunnel with the air in the tunnel compressed to em 
absolute pressure of 36 pounds per square Incha and with 
the model mounted on the standard wing supports (fig. 2). 
The purpose of the tests was to determine the aerodynamic 
and stalling characteristics of conventional wings with 
nonlinear distribution of both area a'nd-'-sect.-lon'- aerody^ 
namio centers. 

■ " ■ ■ •■ . 

The me.thqd of testing was similar to that used in 
reference 1 and' Values are' believe'd to be accurate wit-hin 
the following limits: 

'■ ' ' . . ■. 

a, degrees .' . . -^0.1 

Q[i^£^^ • ■ • « • ■ • . •"• •'. ■ stO. 03 

^m • • • • • • ■ « • ' r • ■ ■ • a,^ * ^0 ■ 0Q5 

°^(oi. - 0) ^. •.• • 

Iiift(- -drag,-'an4 pit ehir£;-r4aofflent data were obtained 
from force tests for the plain' wings ( 6f =0°) and for 

the wings with' partial— span, and- full— spas flaps, deflected 
15°, 30", 45°, £uid 60°. The tests covered an angle-of— 
attack range from —6° to the angle of stall at test 
EeynoldB numbers of approximately 2,600,000, 3,700,000, 
and' 4't700,000. ■■ A study of -the . stalling- characteristics 
was made by observing the' action, of .wool -tufts attached 
to the upper s-orface of the wing. Sketches, still pic- 
tures, and moving pictures, were made of the stall pror- 
greseion at valrious angles of .at^back for the plain wing 
and for the wing wl±h partial— span and full— span flaps 
deflected 60° at a Reynolds number of approximately 
4,700,000, 
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7h-& ji^ta are preBept.ed In terms of. standard nondl— 
menslojial ooef f io'lBnt-s and .are .corrected -for model support 
-taife -. and . fntarf er'dnce. The coef f lelenrts and symljols 
used herein ate defined as follovs: 

Oj, lift coefficient (l/qS)" 

Cs drag coefficient (D/qS) 

Cm pitching— moment ooeffloient aliout quart er— chord 

'' . ■ ■ .jpoint. pJC root section (H/qSic) 

- where . - . , , 

.. 1 • • • ■■ .-. , 

■'■L- '■■■ ■lif't., pounds . 
:. ])■:■■. • vdyagV. pounds'- --' " ' 

M pitching moment t foot— pounds '' 

"q - -dyn-affiio. pressure of ,undi8tur1>ed air str eas, ' pounds 

■• . < ■ ■ ' '" ^ - ^ ■■ ■.. . 
■ ■ /i-. \ ■ .- . : ■ - 
per square foot ^-i-pV^y ' ,. ■ , 

• . WiLug arsa't (3S.14. 84 f t } 

c ■ cfeefn -ebosd,. .S/b (2,14 *ft) 

Tj wing span ^(15 "ft)- ' ' ' 

p. masB' den.8'lt7 of a.lr t slugs per cubic foot ' 

T- - • -f re.«7»>stx:eam TelocitT-, f aet per second - 

" ■ ■ ^ . . 

'dnd ■ 

'* * ' ' ' ' • • -x i ' ■ ' ' 

. tf ; flap .deflect Ion' measured. between , lower surface of 
'- ■ wing- and flap* degrees 
' I ■■ ■» ' • -■ " ' ■ ■' ■■■■ ' ' 

.a' angle of aittaqi of ro-ot chord corrected for Jet— 

: botindiu;7 eff ect sind- air—flow misallnemeat , degrees 



E Eoynolds nTuater "baBed oa mean wing chord {pTs/yk) 
(lb coefficient of viscosity 

M Uaoh nxualier (ratio of free— stream veloolty to speed 
of sound) 



Lift and Stalling Characterlstlos 

jTorce— test data for the range of Beynolds numbers 
are presented In figures 3 to 8. Oomparlson of the lift 
▼aluea at 8f = 0 reveals that vlng I has a mazlmxun lift 

coefficient of 1.64 (fig. 5) as compared with 1.62 (fig. 8) 
for vlng IT. She variation of maximum lift coefficient 
with Beynolds number Is shewn In, d^igurqa 9 and 10. ZTo 
consistent variation Is Indicated. Vlgurd 11 shows vari- 
ation of Increment of masElmum lift with flap deflection. 
Iho increment of maximum lift coefficient due to partial— 
and full— span split flaps deflected 60° Is 0.74 and 1.10, 
respectively, for wing I and 0.65 and 0.98, respectively, 
for wing IT, 

A comparison of the data presented In figures 5, 8, 

and 11 with similar data of reference 1 reveals that the 
vlng vith a straight leading edge has a higher mazimiun 
lift and a greater increment of maximum lift due to split 
flaps than the corresponding wing with a straight trail- 
ing edge. 

The stall diagrams are shown in figures 12 to 17. 
The stall progression of hoth wings without flaps Is 
rapid, the stall starting at the center section and mov^ 
Ing outward. The tips did not stall throughout the range 
of angles of attack Investigated. A decided cross flow 
was noted along the trailing edge inward as far as the 
constant— chord section. The addition of partial— speA and 
full— span flaps has little effect on the angle of stall. 
¥ith flaps deflected, hoth wings have a sudden stall, the 
most critical condition heing when the full— span flaps 
are deflected 60 . 

A comparison of the stalling characteristics of the 
wings reported herein with those of reference 1 reveals 
that wings I and IT have higher angles of stall and a 
more rapid stall progression than wings III and TI of 
reference 1. For wings I an5. IT the stall starts at the 
center section; whereas for the wings of reference 1 
the stall starts outhoard and progresses toward the center. 
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Drag Character let lea 

A oonparlson of the drag ourves of plain vlngs I and 
17 reveals no appreola'bla difference In the drag coeffl— 
clentB up to a lift coefficient of 1.0. 



Pitching— Moment Character let lea 

She pit chlng— noQont curves for wings I and IT are 
ahovn together in figure 16 for coapariaon. Both ourvea 
have a- positive elope, indicating that the ving aerod^ 
naoic center la forward of t'lo rLuarter— chord point of 
the root section. The alope of the pitching— nonent curve 
for ifing I indicates that it a norodynanic center la far- 
ther forward, because wing IT hcia greater aweepforword 
than vrlng I, the effoct of inoreaaing the center— aeotion 
apan la to decrease the tendency- of the sweepforward to 
shift the aerodynamic cianter forward, 

She poaitiona of the wing aerodynamic centora neaa— 
ured from the leading edge were determined hoth froa the 
exporiaental data of reference 3 and hy calculation ac- 
cording to the method outlined in reference 2. A cofflparl— 
Bon of theae reaulta is given in the following tahle: 



Ving 


Horizontal location of aerody- 
QBjalc center liack of leading 
edge in torraa of S/h 




Zzper imental 


Calculated 


I 
IT 


0.239 
.244 


0.256 
.362 


cosrcLUS zous 



3?he tests reported here'.n wore of two tapered wings 
havin;; stral^t leading edgoa and conatant— chord center 
aectiona hut with different cent or— aeotion ap^ana. The 
cent er>-aect ion apan of wing Z was equal to the chord and 
that of wing IT waa twice the chord. She reaulta indi- 
cate the following ooncluaions: 



1. Vlng I has greater maximum lift ooef f Icient b and 
greater Inoreatebta of maxlmiuB lift ooefflolebt due to 
split flaps thaa tflng IT for all oomparable oondltlo&s 
tested. 

2. She Increment of mazlmun lift ooeffloient due to 
split flaps Is greater for the wings with straight lead- 
ing edges than for similar wings with straight trailing 
edges . 

3. She difference in drag coefficients of wing I and 
wing IT at low and moderate lift coefficients Is not ap- 
preolahle. 

4. The effect of incroai'e in center— section span la 
to decrease the shift of the aorodynanlo center of the 
wing in the direction of the wing- sweep. 

Langley Memorial Aeronautical Iiahor atory, 

National Advisory Committee for Aeronautics, 
Langley S'leld, Ta^ 
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Drag coefftient ^ Cq 
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Figure 3. —Aerodc/nom'/c charocterhtics of w'/ngi w/thO.POc Split flop. P^262QOOO;M=O.OS. 
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Hgure 5 —Aerodynam/c choracren^rics of v^/ngl w'/rhO.^Oc -aplir flop. P='4,690,0OG:/^-0.i4-. 



L-311 




m JOB J2 .16 .£0 .24- ^6 32 .36 AO A4 .46 .52 .5€> j50 

Drag coefficient ^ Cq 
Figure<5 .—Concluded. ^ 
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Figure 6 —Aerodynomic charocrenst/cs of winglF withC^c op/it fktp. P^^,650i000iM- 0.03. 
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figure 6 . — Conc/uded. 
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Figure Z.—Aeroalyrximjc charactemncs ofw/nglS'v^ithO.POc 3plltf/op.P'^3.690,000 -^M-0.l I. 
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Drag coefficient, Cq -6 -4- 0 4- a l^ 16 ^Rfching-moment 
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Figure 7. -Conc/uded. 
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Figures —AQrodynamic choracreristics oT w/nglV w/fhO.^Oc 3p//Yf/op. P'^-^ T^COOO-.M^O.i^-. 
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Figures . —Conc/uded. 
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Tlgore 10.- Tarlatlon of mazlniam lift qseff icient with Baynolds aamber!' ning IT. 
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Figure 11.- Variation In majclmum lift with flap deflection. B= 4,700,000! 
U B 0.14. 
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FigurefJ. — 3roff diagrams of wing I wirh 0.^0 c pnrnof-.->po/) split flop . 6^=60"; P~ 4,690, 000;M'0. 14. 
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Figure 14 - Stdl diagrams of wjngi sf^ifhO.eOc full span split flap. <^=60'; 9^4.690,000;M--0.I4. 
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Figure/e- 3tal I diagrams oT wingNwith a<?Oc portial-spon split flop. 6^-60' ; P^ 47^0.000- 0.14. 



C3^ 




Inrerm'iTfenr/y (x=/9.7' 



stalled 




Unsfol/ed 



^Completely OC'19.5' 
stalled 



q'/.jj. 



OC--II.O' cj'/.ds 



OC--/S.6 



Fiqureir- Stall diagrams of w/ng IF with 0.20 c full- span split flap. 6^=60 \P='4J20,000.iM^ aid. 
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Tignre 18.- Tarlation of pitcLlng^^iomant coefficient vith lift coefficient. Plait: vlngs; 2^4,700,000! 
1! = 0.14. 
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